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Y emammi naseoeno inghopmayiro wooo pezyibmamie MOHIMOPUHZY, MEXHIUHO20
obcmedceHtss ma KanimanibHO20 PeMOHmMY MPAHCHOPMHO-2I0POMEXHIYHOT cnopyou —
dambu 3 6000MPONYCKHOIO MPYOOI0, PO3MAULOBAHOT 8 Medcax MicbKoi 3a0y008u.
Posenanymo xomniexc 3axo0is, cnpamMoeaHux Ha 3ade3neyenus cmabintbHOCMI Hacuny,
nioBULeHHs. eDeKMUBHOCI 80008I06€0eHHA MA 3MEHUWIEHHs PUSUKIE DYUHYE8AHHS
KOHCMPYKYILl ni0 8Nau8oM 2i0poOUHAMIYHUX I MPAHCTIOPIMHUX HABAHMANCEHb. Y c8imosiil
npaxmuyi nooibHi 3a60AHHS GUPIUYIOMbCSL Yepe3 NOEOHAHHS Memooie OUCMAHYIIHO20
MOHIMOPUH2Y Mma 6e3MPaAHUeEliHUX MeXHON02I GIOHO8NIEHHs NIO3EMHUX MPYOOnpo6odIs,
AKi 3a6e3neyyioms MIiHIMANbHE GMPYUAHHA 6 OOPOACHE NOJOMHO MA 00820MPUBATY
Haoitinicmv cnopyo.

YV x00i nposedenux docniodxcenb GUKOHAHO KOMNAEKCHY OYIHKY MEXHIYHO20 CIAHY
cnopyou i3 3acmocCy8aHHAM GI3VANbHO20, 2e00e3UYH020, YOAPHO-IMIYIbCHO20 Md
VABMPA38YKOB020 Memooie KOHmpono. Bcmanoeieno, wo 8000nponyckui mpyou
nepebyganu 6 00OMeNCeHO-Npaye30amHoMy CMaHi uepe3 po3Mug IPYHmMY, DYUHYEAHHS
6ymo6oi  K1a0Ku ma 3HOWEHHA OemoOHHO20 YKpinaenns piuuwa. Pe3yiemamu
MOHIMOPUHZY NOKA3AIU, WO 200GHUMU NPULUHAMU OeeKmis € mpueaia excniyamayis
6e3 peMOHMHUX 6MPYUAHb, GNIUE OUHAMIYHUX HABAHMANCEHb GI0 MPAHCNOPMHO20 PYXY
ma nopyuieHHs: cucmemu 8i08e0eH s NOBEPXHEGUX BOO.
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3a pesyrbmamamu MOHImMOPUH2Y po3pobreHO 3aX00U 3 KANIMATbHO20 PEMOHMY,
Wo GKMOUANU: BIOHOGNEHHA 3AXUCHO20 wapy OemoHy GOOONPONYCKHUX mpyo
nonimepyemMeHmHUM PO3YUHOM, iH €EKMYBAHHA MPIWUH, BUKOHAHHS HOB020 VWITbHEHO20
HACUNY 3 NOCUNEHUMU YKOCAMU, GIAWMYEAHHA OemOHHO20 YKDINJeHHs piuuwa ma
MoOepHizayito  cucmemu  80008i06edenus. Ilicnia 6uKOHawHA podim  iOHO61EHO
@yukyionanvHicms 8000NPONYCcKHOI cnopyou, 3abe3neueHo cmabinrbHicmb YKOCie ma
3MEHWEHO PUSUKU DOSMUSAHHA TPYHMY. YIaumyeanHs HOUX OOUWJONPUUMATLHUX |
027151008UX KON00A3I8, A MAKONHC POPMYBAHHA NO300BHCHIX | NONEPEUHUX YXUI8 00pO2U
CHPUANO eheKMUBHOMY BI0BEOEHHIO NOBEPXHEGUX CMOKI6 | NIOSUUeHHIO DIGHS Oe3neKku

pyxy.
Ompumani  pezynomamu  NiOMEEPOACYIONb  OOYLIbHICMb — 3ACMOCYB8AHHS

KOMOIHOBAHO20 CUCMEMHO20 NIOX00Y 00 0OCMENCEHHS MA PEMOHIMY THHCEHEPHUX CHOPYO.
Tloeonannsa cyuacnux memooie MOHIMOPUHEY A 8IOHOBIIOBANLHUX MEXHO02il 0036014€
3abe3neyumu mouHy OiaeHOCMuUKy 0egheKmis, CKOpomumu CmpoKy peMoHmy i 3HU3UMu
sumpamu Ha excniayamayito. 3anpoeaddceHi MexHiuHi pileHHs NPOOeMOHCMPY8aiu
epexmuericms iX 3acmocy8anHA OAA NIOBUWEHHSA CMIUKOCMI HACUnie, HAOIUHOCMI
60008I06€0CHHL A 3A2ANbHOI 008208IUHOCMI CROPYOU 6 YMOBAX WINbHOI MICbKOL
3a6y0o6u. Ilposedene O00CTIONCEHHA MAE NPAKMUYHE 3HAYEHHS O NOOANIbUO2O
VOOCKOHANIEHH. CUCIEM MOHIMOPUHeY mMa GIOHOBNEHHSI IHIICEHEPHUX 00 €kmie y
NICA60EHHUL NEPIOO 3 YPAXYBAHHAM NPUHYUNIE CMALO20 PO3GUMKY MA YUBLIbHOI Oe3neKi.

Knrouosi cnosa: Mowimopure mexHiuHo2o cmauy; KanimanbHuil peMoHm oamou,
68000nponyckHa mpyba, norimep-yemeHmHe i0HOBIEHHs, CUCTEMA 80008i08€0eHHSL.

Beryn

AHaniz JirepaTypHHUX [KepeJ Ta TMOCTAaHOBKAa MNpoOJeMu.
3abe3neueHHs QyHKLIIOHAIBHOI MPUIATHOCTI TPAHCHIOPTHOT iH(pacTpyKTypH Ta
IH)KEHEPHUX CIIOPY/ JJIsl TPAHCHOPTYBaHHS BOJM Y MEXax MIChKOI 3a0y/I0BH €
OJIHIEI0 3 KIIOYOBHX I1HXXCHEPHO-€KOHOMIUHHMX 3a7ad NpW IUIAHYBaHHI Ta
eKCIUTyaTaIlii MiCT, OCOONMBO B YyMOBaX BOe€HHuX mid. CBoedacHUH i
KOMIUIEKCHUH MOHITOPHHI TEXHIYHOTO CTaHy JIOPIir, 1aM0 Ta BOAONPOIYCKHUX
CHOpPYZl I03BOJISIE OLIHWUTH PH3MKHM BTPAaTH EKCIUTyaTallifHOI IpPHUAATHOCTI,
MOTIEPETUTH aBapii Ta OOIPYHTYBaTH aIeKBaTHI 3aXOAHW 3 PEKOHCTPYKIIi U
PEMOHTY.

Y cyvacHiii mpakTHii I 3ajadyi BUPIMIYIOTBCS Yepe3 MO€JIHAHHS
JUCTAHIIIMHAX METO/IIB: HANPUKJIIAJ, 3acTocyBaHHs GoTorpammerpii BITJIA mis
BHSIBJICHHS TIOIIKO/KEHb T'pebiii Ta MOHITOPHMHTY aBapiiHuxX curyamii [1],
JIOKAJIbHUX CEHCOPHUX MEPEX, BOJOKOHHO-ONTHYHHX JATYHKIB [2], reodiznaHnX
HEpYHHIBHUX OCTI/KEHb 1 HOBITHIX METOIIB BiZHOBJIEHHS TPYyOOIIPOBOIIB i
MIAIPHUX CIIOPY/ 13 3aCTOCYBaHHAM O€3TpaHIIEHHUX TEXHOJIOTIH [3], Takux sk
Ultraviolet Cured-In-Place Pipe [4] i3 3acToCyBaHHSM THYYKHX HPOCOYCHHX
CMOJIOI0  pyKaBiB, sKi IIEMEHTYIOTbCS TiJ Ji€l0  yIbTpadioseToBOro
BUIIPOMIHIOBAaHHSI.

Ornsi ocTaHHIX NOCHIIKEHb [5] CBIAYMTH MPO IHTEHCHBHHUH PO3BHUTOK
METOJIB JWCTAHIIIHHOTO Ta JIOKAIFHOTO MOHITOpUHTY. Bukopucranus UAV-
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¢doTtorpammetpii Ta 3D-peKOHCTPYKIi J03BOJISE MPEAMETHO KOHTPOIIOBATH
TIOBEPXHEB] YIIKO/PKEHHS 1aMO 1 TOPOXKHBOT'O MOJIOTHA Ta IBUAKO 31i{CHIOBATH
aBapiliHi 1HCTEKIi B BiJmaleHuX ab0 oOMexeHuX 30Hax pocrymy. Lli meromu
MaloTh MPaKTUYHY NPUAATHICTH JJIs BHUSABJICHHS TPIIIWH, 3CYBIB HOBEpXHI H
epo31iHIX MMpOoIeciB Ha TaMbax Ta riAPOTEXHIYHUX CIIOpYyIax.

3acTocyBaHHS  IHTEpQEPOMETPUYHUX pajgapiB i3  CHHTE30BaHOIO
aneptyporo (InSAR)no3BoJIsIe BU3HAUNTH OCIIaHHS, MIAHOMH 41 3CYBH 3eMJl 3
TOYHICTIO 10 KinbKoX MijiMerpiB [6]: aHanOriuHi CHCTEMH B YCHIIIHO
3aCTOCOBYIOTHCS [UIS BUSABJICHHS MOBUTBHUX MIPOCIIaHb MiAIIPHUX CIIOPYH, AaMO
i TPUKOPIOHHWX 30H JIOPOXKHIX HacumiB. VYKpaiHceki QaxiBmi [7]
MIPOAEMOHCTPYBAIM 3aCTOCYBaHHS METOXy IOCTIHHHX po3citoBadiB Sentinel-1
JUI OIIIHKH BEPTHKAJIBHOI CTaOLIBHOCTI JamM0 Ha TpUKIIANi MPOMECIOBHX Ta
rizpoeHepreTHIHNX 00 €KTiB: Y poOoTi [8] 3acTOCOBaHO METO]] BEPTUKAIBHOTO
eneKTpuyHoro 3ouayBaHHs (BE3) i3 BHKOpHCTaHHSM MOCTIHHOTO CTPyMY, ILO
Jla€ 3MOT'Yy BHU3HA4YaTH €JCKTPHYHI BJIACTHBOCTI TIPCBKHUX MOPIA HIISIXOM
MOCNIZIOBHUX BHUMIpIB IOTEHLIANIB elleKTpuuHoro moiisi. KomOiHOBaHMI
MOHITOpUHT i3 3acTocyBaHHAM InSAR Ta HazeMHHX METOAIB KOHTPOIIO
Ii/IBUIILY€ TOCTOBIPHICTh BUCHOBKIB Ipo cTaH aedopmaniit. JocnimkeHasmu [9]
OOrpYHTOBAHO 3aCTOCYBaHHS BOJIOKOHHO-ONTHYHHX CHCTEM PO3MOIIJICHOTO
30HIyBaHHS AJISI peeCTpallii aKyCTHYHUX CHTHANIB, TEMIEPATypHHUX I'PallieHTiB
Ta MWHAMIYHUX KOJHMBaHb Yy T cropyn i TpyOompoBomax [9]. Taki cucremu
MaloTh BHCOKY YyTJHMBICTH IO TNPOTIKaHHA, yJapHHUX IO Ta MEXaHIYHUX
MIOIIKO/KCHb, IO POOUTH iX KOPHCHUMH U1 ILIOZ0O0BOTO MOHITOPHHTY
aBapiHUX JITISTHOK.

[Tix uac BIAHOBJEGHHS Ta PEMOHTY aBapiliHUX TPyOONPOBOIIB
3aCTOCOBYIOThCs Oe3rpaHniueitni meromu Ttaki sik CIPP, SAPL [3] nus
BIZIHOBJICHHSI MiZ3€MHUX TpyO Oe3 pyHHYyBaHHS JOPOXXHBOTO IOJIOTHA, LIO
0COOJIMBO BaXJIMBO JUIsl IUIBHOI MichKoi 3a0ynoBu. ABTopH [10] aKkueHTYIOTh
yBary Ha 3HIKEHHI BIUIMBY Ha TPaHCIIOPTHY 1HYPACTPYKTYPY NPH BUKOPUCTAHHI
MeToniB Oe3TpaHiIeiiHOi peaOumitanii 3amiz00eTOHHMX TpyOONpoBONiB. Sk
3a3HayeHo B pobOotri [11], pe3ympbTaTH eKCIepUMEHTAIBHUX JOCIiIKEHb,
JOBOJATH CS(PEKTUBHICTE 3aCTOCYBAHHS IOJNIMEPHUX MaTepiamiB, 30KpeMa
SJICKTPOHHO-TIPOMEHEBOTO  BYIJICIUIACTHKA JUISI PEMOHTY Ta MOCHJICHHS
3ami300eTOHHNX KOHCTpYKUid. [lapamenbHO, [UII PEMOHTIB  CIICMCHTIB
JIOPO’KHBOTO TTOKPHUTTS, 30ipHUX BOJIONPOIYCKHHMX JIOTKIB Ta 3aJ1i300€TOHHUX
BOJIOTIPOITYCKHUX TPYO HIMPOKO BHUKOPHCTOBYIOTH apMyBaHHS KOMIIO3UTHUMH
MaTepiallaMHi, MICIIEBE 1H €KTYBaHHS, YCYHEHHS IIJMHBIB 1 3aCTOCYBaHHA
TEOCUHTETHYHUX TiAcwieHb. EQEKTUBHICTh NHUX TEXHOJOTIM 3aleXUTh BiJ
MIPaBUIBHOI MIarHOCTHKH Je(peKTiB 1 BHOOpPY MeEToAy 3 ypaxyBaHHAM
TiApOAVHAMIYHUX HABAHTAXKCHb.

[lompn HasBHICTE CyYaCHHX TEXHOJIOTi OOCTe)KEHHS Ta PEMOHTY
IH)KEHEPHUX CIIOPYA, Y PAKTHUIl 3aJIMIIAIOTHCS KUIbKA BaXIIMBHUX mpobiem. 1o-
Iepie, HeAOCTaTHRO PO3BHHEHA B3aEMOJISl MK JAWMCTAHUIHHUMH METOJaMHu
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MOHITOPUHTY Ta JIOKaJbHUMH CIOCOOaMH KOHTPOJIO, SKi Mo 0
3aCTOCOBYBAaTHCh K €MHa cucreMa TIoTepeIKEHHSI aBapiii.
[lo-nmpyre, Opakye peadbHUX NPHUKIAAIB KOMIUIEKCHOTO  3aCTOCYBaHHS
Oe3TpaHIICHHUX TEXHOJOTIH BITHOBIICHHS IiJ36MHUX KOMYHIKAIH y NIUTBHIN
MICBKii 3a0y/0Bi 3 IepeBipeHMMH IOKa3HUKaMu JoBroiuHocTi. [lo-Tpere,
aKTyalbHOIO € moTpeba amamTamii IMX METOJIB 10 YMOB OOWOBUX Iiii Ta
HA/I3BUYAHUX CHTyallid, 30KpeMa 3MiH TiAPOJOTIYHOTO PEKUMY, IO
CIIOCTEPIralOTECA B OKPEMHX perioHax Ykpainu. Taki BHKIUKA OCOOIHBO
MOMITHI Tix 9ac po3poOJeHHS TPOEKTIB BiTHOBICHHS OO0 €KTIB MiCIEBOTO
3HAQUEHHSA: HANpWKIaj, JamMOM Ta BOJONPOITYCKHOI TpyOM 1O BYIL
KotmsipeBcbkoro B M. 3amopixoki, Ie¢ TOEAHYIOTECS PH3UKH KOHCTPYKTHBHHUX
TMIOIITKO/IKEHB, 3MIHH PYCIIOBHX TIPOIECiB i moTpeda MiHIMI3yBaTH BTpyYaHHS B
JIOPO>KHE TIOJIOTHO.

Mera i 3aBganns gociaigkenns. Mera nociaizkeHHst — oOIpyHTyBaTu
TEXHIYHI PIIICHHS KaIiTATFHOIO PEMOHTY JAaMOM Ta BOIOIPOIYCKHOI TPyOH 3
ypaxyBaHHSM Cy4aCHHX METOMIB OOCTEXKEHHsI, Oe3TpaHIIeiHUX TEeXHOJIOTiH Ta
BUMOT IMBIJIBHOT O€3IeKH.

3aBaaHHsl JOCITIIKEeHHsI: MPOAaHAII3yBaTH TEXHIYHUH CTAaH CHOPYAHU 3a
pe3yibTaTaMH Bi3yaJbHOTO W IHCTPYMEHTAJIBHOTO OOCTEXKEHHS; BHU3HAUUTH
OCHOBHI NPHYHMHY MOMIKO/KEHb T4 MOXKJINBI PH3UKH MOAANBIIO] eKCILTyaTallil;
migiOpaTé ONTUMANbHI TEXHOJOTil PEMOHTY; PO3POOUTH MPOMO3HIIi MI0I0
moeTamHol peamizamii poOIiT i3 MiHIMATGHAM BIUIMBOM Ha JOPOKHIO
iHpPaCTPYKTYypy; OLIHUTH €()EeKTUBHOCTI 3alpOBADKCHUX  TEXHOJOTIH
3MIIIHEHHSI i BOJJOBIIBEICHHS Y MiCBKHX YMOBaX.

Marepiaau Ta meToau

MeTOAMKOIO TOCIIPKEHD Mepen0aueHo KOMILICKCHUN aHasIi3 TeXHIYHOTO
CTaHy Ta MPOEKTHHUX PIlIEHb KaIliTaJbHOTO PEMOHTY BOAONPONYCKHOI CHOPYIU
mo Byin Kotmspescekoro B M. 3amopixoki. OCHOBOI JOCHIHKEHHS CTalu
pe3yJabTaTH  BI3yadbHOIO, TEOJC3MYHOrO Ta Teodi3UIHOTO OOCTEIKEHHS,
BUKOHAHOTO TI€PEA II0YaTKOM PEMOHTHHMX pOOIT, a TakoX ITOPiBHIHHS
mapaMeTpiB KOHCTPYKIIH [0 1 micis BUKOHAHHS BiJHOBIIOBAJIBHIX 3aXO/IiB.

Jnst aHamizy TEXHIYHOTO CTaHy CIOPYAM 3aCTOCOBaHO IO€IHAHHS
METOIIB:

— Bi3yajibHe 00CTesKeHHsI €JIEMEHTIB 3a1i300€TOHY Ta OYTOBOI KJIA/IKH;

— reofe3nyHi BUMipIoBaHHs ociJiaHb i qedopmaniii KOHCTPYKIIH;

— METOJI yJapHOTO IMITyJbCY I BU3HAYEHHS MIIIHOCTI OETOHY;

—  yIAbTPa3BYKOBWIl MeToJ Ui BU3HAYCHHS TOBIIMHH  CTIHOK
BOJIOTIPOITYCKHHX TPYO;

— (poTodikcauiro crany ciopyau 10 MOYATKy PEMOHTY.

Ha puc. 1 mokasani nedexTd crnopynu, BUSBIEHI IiJ 4ac Bi3yalbHOTO
obcrexeHHs: []1 — o6Bax OyTOBOT KKK BUX1THOTO Or'0JIOBKY BOJIOIPOITYCKHUX
Tpy0; /12 — BUMHMBaHHA po3uMHY 31 1IBiB OyToBOI Kiagku; 3 — pyliHyBaHHS
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3axXHMCHOTO MIapy OETOHy 3 OTOJICHHSAM Ta KOpo3iero apMaTypu a0 15 % Brparn
nepepisy; J4 — TpiliMHM B TUII BOZONPILYCKHUX TPYO 3 INUPHUHOIO PO3KPUTTA 1-5
MM; JIS — ckomoBaHHS OeTOHY BOJONPOIYCKHUX TpyO; /I8 — po3muB Ta
pyiHyBaHHS ykociB nam0u; /19 — pyitHyBaHHsS ac(halbTOOETOHHOTO TOKPUTTS
npoizHoi yactuny; J{10 - pylHyBaHHS 3aXMCHOTO LIapy OETOHY IIUT MIilOX1THOT
YACTHUHHM 3 OTOJICHHSM Ta KOPO3i€l0 apMatypu o 15 % BTpaTu nepepizy.

B xoni reofe3ndHnX poOiT BUKOHAHA I'€0/Ie3NYHa 3HOMKa T030BXXHBOTO
po¢iIr0 NPOI3HOT YaCTHHH, B PE3YJIbTATI SIKOT BCTAHOBJICHO YXWII MOJIOTHA Y OiK
BOJIOIIPOITYCKHOTO JIOTKA. BUW3HAYEHHS WIMPUHU PO3KPUTTS TPILMH B T
BOJIOIIPOITYCKHUX CIIOPYJl BUKOHAHO 3a JIOTIOMOT'OI0 BHKOPHUCTAHHS JIHINKH Ta
mTaHreHIUpKyJst. [1ix yac iHCTpyMEHTaJIbHOrO OOCTEKEHHSI BCTAHOBJICHO, IO
TPIIMHU MAlOTh IIMPUHY PO3KPUTTS Big 1 1m0 5 MM. BenuumHa 3mimeHHs
3aJ11300€TOHHHUX JIAHOK BOJIOIPOITYCKHHUX TPYO CTaHOBHUTH 50 MM.

BuznaueHHs MiTHOCTI O€TOHY BOJIOIIPOITYCKHUX TPYyO BUKOHAHO METOJIOM
yaapHOTO iMIyJbey 3 BukopuctanHsam npmirany OHIKC — 2.5. Cepensst MilHICTh
6erony cknana Big 35,0 mo 38,0 MIla, mo BimmoBigae Kiacy MIIHOCTI OETOHY
C20/25 — C25/30.

ToBmMHA CTIHOK BOZONPONMYCKHHX TpyO BH3HA4YE€HA YJIbTPa3BYKOBUM
METOJOM 3 BHKOpHCTaHHsAM mnpwiagy YT-31. MiHiManbHa TOBIIMHA CTiHKH
craneBoi Tpyou miamerpom 102 MM ckmana Big 3,6 mo 4 MM, KOpo3iitHuit 3HOC
CTiHOK TpyO BIZHOCHO (PAKTHIHOI MaKCHUMAIbHOI TOBITUHH CTAaHOBUTH 10 %.

Pe3ynbTaTn T2 00roBOpeHHs
BogonpomyckHi TpyOou — 3ami300eToHHI 31 30ipHHX PO3TPYOHMX JAHOK
niamerpoM 1500 MM Ta goBxkuHOIO 2,0 M pO3TalIOBaHi B Tl HACHUITY JaMOH 3
yxuioM 1=0,037 y HanpsMKy Teuil piukn, SIK IIOKa3aHO Ha pHC. 2.
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A 1:100

:‘ I I | | IS
YmoBHI no3HaveHHs
ai 0dban dymoboi knadku Buxidnozo ozonobky BodonponyckHux mpyd
42 BumubanHa pozquny 31 wbib dymoBoi kaadku
49 npopocmaxHa depeb

npopocmarHs depeb dins dymobBoi knadku

o0d6an dymoboi knadku

BumubBarHs po3quHy

Puc. 2. Enementu n1am6u Ta BOZONPOITYCKHOI CIIOPYAU

3aranpHa noBkuHA TPyO craHoBuTh 10,0 M, TOBHIMHA CTIHKH TPyOH
ctaroBUTh 150 MM. [To Kpasx BOIOMPOITyCKHOT TPYOH BIAINTOBAHI BXiTHUH Ta
BUXIZIHUI OTOJIOBKH, SIKi CIYT'YIOTh HiAMPHUMH CTIHAMH JUIS 3¢MJISTHOTO HACHUITY
naMOu Ta 11 yKiCHUX YaCTHH, BUKOHAHI 3 0yTOBOT KJIaJIKH TOBIIUHOIO 550-600 MM.
JlOopO>KHE TIOKPUTTS POi3HOI YaCTHHH AOPOTH — achanbTodeToH. OropoKeHHS
MIPOT3HOT YaCTHHU CIIOPYAN BUKOHAHO 0ap'€pHOTO THITY.

AHali3 BUSBIEHHX IIOIIKO/KEHb KOHCTPYKIIM BKa3ye Ha HACTYIHI
NPUYMHKE 1X BHUHHUKHEHHS: PO3MHUB IPYHTY HAaBKOJIO Ta Oe3MocepeqHbO il
OyTOBOIO KIJIaKOI0 BHXIJHOTO OTOJIOBKY TpyO; pO3MHBaHHSI IpPYHTY €
pe3yapTaTOM  HE3aJ0BUIBHOTO CTaHy OETOHHOTO YKpIIUIGHHSA  pidMIia;
HE3aJI0BITBHNN CTaH CHCTEMH BOJAOBIABEICHHS Ta YKPIIUIEHHS YKOCIB HACHITY
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JaMOW; BIUTMB CTAaTUIHHUX Ta JUHAMIYHUX HaBaHTa)XEHb (BiJ Bard IPYHTY Ta BiJ
PyXy TpaHCIOPTY), TpHBajla EKCIUTyaTallisi CJICMCHTIB 0e3 MPOBEACHHS
PEMOHTHHX POOIT.

ExcrutyaraniiiHuii cTaH €JIEMEHTIB Ta CIOPYIU B IJIOMY BHU3HAYCHO
BiamoBigHO 10 [12].

Tabmuus 1. OniHka eKCIuTyaTaliifHuX CTaHIB €IEMEHTIB Ta CIIOPY/AH B

oMy
Ne KoHcTpyKTHBHMI €71€EMEHT Excruryarariitauii cran
1 3anizo0eToHH1 CraH 4 (0OMesxeHO-TIpale3JaTHHIN)
BOJIOTIPOITYCKHI TPyOHn
2 Bxigaunii orojioBok Cran 3 (mparne3gaTHuii)
3 Buxigauii oroioBox CraH 4 (0OMeskeHO-TIpale3JaTHUIN)
4 Ykocu HacHIry JamOu CraH 4 (0OMeskeHO-TIpale3JaTHUIN)
5 Beronne ykpinnenns piunma | Crtan 4 (oOMexeHO-TIparie31aTHH)
Ha BHXIiJHOMY OTOJIOBKY
6 Jlopo>kHE IOJIOTHO CraH
7 [TimoxigHa yacTrHa CraH 3 (mpane3gaTHuii)
8 ITinxomn CraH 3 (mpane3gaTHuii)
9 EnemenTtn BonoBinBe qeHHSA CraH 3 (mpane3gaTHuii)
Excruryaraniitauii cTan criopynu B CraH 4 (0OMeskeHO-TIpale31aTHHIN)
UIOMY

BpaxoByloun 4YHCIEHHI TOIIKO/DKEHHS OKPEMHX €JIEMEHTIB, OyIo
NPUIHATO PIlIEHHS TPO 3aCTOCYBaHHS HACTYIHHUX PEMOHTHHX TEXHOJIOTiH Ta
€TaliB BHKOHAHHS BIJHOBIIOBAILHUX POOIT MiJ Yac KaIliTaJbHOI'O PEMOHTY:
BIZIHOBJICHHS ~ 3aXMCHOrOo  miapy  OETOHYy  BOJOIPOIYCKHHX  TpyO
MOJIMEPLUEMEHTHUM PO3YMHOM, 3 HONEPEIHIM BUAAICHHIM 3aJIUIIKIB KPUXKOTO
0eTOHY; BUKOHAHHS 1H €KTyBaHHsI TPIILMH, BiJTHOBIICHHS 3pyHHOBaHUX ALISHOK
0eToHy Ta WIBIB MiX 3aJi300€TOHHMMH JIaHKaMH TPYO LUIIXOM HaHECEHH:
MOJIMEPLUEMEHTHOIO  PO3YMHY, BHKOHAHHS HOBOTO HacHIy JamOu 3
VIIUTBHEHHSIM ~ Ta  NOCWIECHHSAM  30BHIIIHBOI  TOBEpXHi,  BHKOHAHHSA
3aJ1i300€TOHHOTO YKPIIUICHHS YKOCIB JaMOH.

B pesynbraTi npoBeneHHS KaliTaJlbHOTO PEMOHTY BJIAIITOBAHI JOIIOBI
IpUiMaibHiI KOJIOAA31 Ta OTJISIIOBHI KOJOAS3b, BOJOCKH 3[[IHCHEHO B HAsIBHUN
BOJIOBIJIBITHUH JIOTOK, BiJJHOBJICHA IIMPHHA 3€MJITHOrO mosoTHa 10 10 M Ta
BIAIITOBaHi ykocw 3 yxwiom 1:1,5. BomoBinBeneHHST MOBEpXHEBOI BOIU
3MICHIOETBCS NUIIXOM BIIAIITYBAHHS MO3J0BXKHBOIO Ta TOIEPEYHOTO YXHIIIB,
JIOIIOBI Ta Tami BOAM 30MPAlOThCS MiJi OOPTOBUM KaMEHEM Ta CKHIAIOThCS B
JommoBi mpuiiMadi. BukoHaHO ¢pe3epyBaHHA HasBHOrO ac(aabTOOETOHHOTO
MTOKPUTTS TJIMOMHOIO 6 cM, HOT0 TpaHCIIOPTYBAaHHAM Y BifBaj JUI YaCTKOBOTO
MOJAJIBIIIOT0 BUKOPHUCTAHHS UL YKPIIJIEHHS y30i4 Ta BIalITyBaHHS HOBOTO
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JOPOXKHBOTO ofaTy. IllupuHa MMOXigHUX NUIIXiB mpuiHATa 1,8 M, Ha MUIIXax
MEPEeMIIIeHHsT  B3JIOBX  MIMIOXIMHUX JOPDKOK B  SKOCTI  TaKTHIIBHUX
iHpOPMAIIHHIX TOKaKYNKIB BUKOPHUCTOBYETHCS OOPTOBHH KaMiHb, SIKMH Mae
KOHTPACTHHUH KOJIp MIO0 JO HOKPHUTTS JOPIXKOK Ta Ma€ Iriaaky (akTypy, sKa
BiZIPI3HAETHCS Bl HOBEPXHI MTOKPUTTSI.

3arnpoBa/pKeHi TEXHOJIOTIT 3MII[HEHHs YKOCIB Ta YJIAIITYBaHHS CHCTEMH
BOJIOBIZIBEJICHHSI MIJIBUIIMJIM CTIMKICTh Hacumy JaMOM JI0 pPO3MHBaHH,
3a0e3nedmny  CTaOUTBHICTP MiANIPHUX €NEMEHTIB 1 3MEHIIWIH BIUIAB
ITOBEPXHEBUX CTOKIB HAa KOHCTPYKIIi CIIOPYIH, IO € 0COOIMBO €(PEeKTHBHUM
piIIeHHSAM IS eKCIDTyaTalii B yMOBaxX IMiTbHOI MICBKOI 3a0yIOBU Ta 3MIHHHAX
HaBaHTa)XeHb BiJl TPAHCIIOPTHOT'O PYXY.

BucHoBku

1. V pesynbTaTi MpoBeEHOr0 MOHITOPUHI'Y TEXHIYHOTO CTaHy JaMOH Ta
BOJIOIIPOITYCKHOI TPYOH BCTaHOBIIEHO, IO CHOPYAa 3HAXOJHUThCS B 0OMENKEHO-
npane3aTHOMy CTaHi Ta TiUIArae TOAajblIii eKCIuTyaTauii 3a yMOBH
MIPOBEJICHHSI KAMITaIbHOI'O PEMOHTY.

2. OCHOBHMUMH MpPUYMHAMH TIOIIKO/DKEHb € PO3MHMBaHHS IPYHTY IIij
OyTOBOIO  KJIaJAKOIO, pyHHYBaHHS OETOHHOrO YKpIIUIEHHS pyciaa Ta
HE3aJI0BITBHUH CTaH CHCTEMH BOJOBIABEICHHS.

3. 3acTocyBaHHS KOMIUIEKCY CYYaCHHX METONIB  OOCTEKCHHS:
BI3yaJIbHOTO, T€OAE3WYHOTO, YIBTPAa3BYKOBOTO Ta YIApHOTO  IMITYJIbCY
JO3BOJIMJIO JIOCTOBIPHO OIIHWUTH EKCIUTyaTaIllifHUA CTaH KOHCTPYKINH 1
BU3HAYUTH JIUITHKH, 1110 TOTPeOyBaIn PEMOHTY.

4. Tlix dyac KamiTaJbHOTO PEMOHTY BIPOBAHKEHO  e(EeKTHBHI
TEXHOJIOTIYHI PIIICHHS: BIHOBJICHHS 3aXHCHOTO MIapy OETOHYy IMoJiMep-
LEMEHTHUMH CKJIQJIaMH, 1H €KTYBaHHS TpILIMH, YJAIITYBaHHS HOBOTO
YIIUIBHEHOTO HACHMIy 3 IOCHJICHMMH YKOCaMH Ta MOZEpHI3allisl CHCTeMHU
BOJIOBIJIBEJICHHs. 3JiiicCHeHI 3axoau 3a0e3neyuiiv IiJABMIIEHHS HaliitHOCTI
CHOpYIH, CTIHKICTh YKOCIB JO pPO3MHBaHHS, IOKpAILEHHS BiJBEICHHS
MIOBEPXHEBUX BOJ Ta O€3ME4Hy EKCIUTyaTallil0 JOpOTH B YMOBaxX MIiCBKOI
3a0yOBH.

5. OrpuMmaHi pe3ynbTaTH IMiATBEP/KYIOTh JOIUIBHICTE 3aCTOCYBaHHS
KOMOIHOBaHOTO MJXOAY N0 MOHITOPHHTY W pPEMOHTY TpPaHCHOPTHO-
TIIPOTEXHIYHUX CHOPYA 13 BHMKOPHUCTaHHSAM Cy4YacHHX MatepiamiB i
0e3TpaHIIeHHUX TEXHOJOTiH, HI0 CHpus€ NPOJOBXKEHHIO iX pecypcy Ta
i IBUIIICHHIO PiBHS IUBUILHOT Oe3MmeKH.

Konduaiktu intepeci
ABTOpH 3asBISIIOTH, 110 y HUX HeMae KOHQIIKTY IHTepeciB I0J0 MOTOYHOTO
JOCIIDKEHHS, BKIIIOYaouy (hiHAHCOBHM, OCOOMCTHIi, aBTOPCHKUN UM Oyab-SKUH 1HIINI,
SKUM MIr OM BIUIMHYTH Ha JOCIHI/UKEHHS, a TaKO)XK Ha pe3ylbTaTH, HaBEACHI B LbOMY
JOKYMEHTI.
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®dinaHcyBaHHs
JocimpkeHHs mpoBouiIocst 6e3 piHaHCOBOT MiATPHMKH.

JocTynHicTh 1aHuX
Vi pani goctynHi B udpoBiii abo rpadiuniii popmi B OCHOBHOMY TEKCTi CTATTI.

BuKOpHCTAHHS IITY4YHOI'O iHTEJIEKTY
ABTOpPH MIATBEP/UKYIOTh, IO TNPH CTBOPEHHI MOTOYHOI pOOOTH BOHU HE
BHUKOPHCTOBYBAJIN TEXHOJIOTI] IITYIHOTO IHTENIEKTY.

References

1. Kang, J., Kim, D., Lee, Ch., Kang, J., & Kim, D. (2023). Efficiency study of
combined UAS photogrammetry and terrestrial LIDAR in 3D modeling for maintenance
and management of fill dams. Remote Sensing, 15(8), 2026. https://www.mdpi.com/2072-
4292/15/8/2026

2. Xin, X., Hui, J., Chen, L., Liang, M., & Yao, Z. (2025). Monitoring the internal
conditions of road structures by smart sensing and in situ monitoring technology: A review.
Applied Sciences, 15(7), 3945. https://www.mdpi.com/2076-3417/15/7/3945

3. Hicks, J., Kaushal, V., & Jamali, K. (2022). A comparative review of trenchless
cured-in-place pipe (CIPP) with spray applied pipe lining (SAPL) renewal methods for
pipelines. Frontiers in Water, 4, Avrticle 904821, 1-7.
https://doi.org/10.3389/frwa.2022.904821

4. Xing, W. (2025). Trenchless rehabilitation materials and technologies for water
supply pipes: A comprehensive review. Process Safety and Environmental Protection, 203
(Part A), 107896.
https://www.sciencedirect.com/science/article/abs/pii/S0957582025011632

5. Zhao, S., Kang, F., Li, J., & Ma, C. (2021). Structural health monitoring and
inspection of dams based on UAV photogrammetry with image 3D reconstruction.
Automation in Construction, 130, 103875.
https://www.sciencedirect.com/getaccess/pii/S0926580521002831/purchase

6. Tolomei, C., Beccaro, L., & Cianflone, G. (2023). INSAR-based detection of
subsidence affecting infrastructures and urban areas: Case studies and time-series analysis.
Geosciences, 13. https://www.mdpi.com/2076-3263/13/5/138

7. Tretyak, K., Kukhtar, D., & Lipecki, T. (2024). Assessing reservoir dam stability
using C-band permanent scatterers INSAR. Information Technologies, Systems Analysis
and Control in Civil and Environmental Engineering (ISTCGCAP), 99, 5-14.
https://doi.org/10.23939/istcgcap2024.99.005

8. Kuzmenko, E. D., Mandryk, O. M., & Mykhailyuk, R. Y. (2022). Study of the
condition of the Dniester dam using electrical and electromagnetic methods (Poberezhzhia
village area, lvano-Frankivsk region). Visnyk of Lviv State University of Life Safety, 25,
34-46.

9. Guemes, A., Mujica, L. E., Rio-Velilla, D., & Lopez, A. F. (2025). Structural
health  monitoring by  fiber optic  sensors.  Photonics, 12(6), 604.
https://doi.org/10.3390/photonics12060604

10. Zhu, H., Wang, T., Wang, Y., & Li, V. C. (2021). Trenchless rehabilitation for
concrete pipelines of water infrastructure: A review from the structural perspective.
Cement and Concrete Composites, 123, 104193.
https://doi.org/10.1016/j.cemconcomp.2021.104193

151



https://www.mdpi.com/2072-4292/15/8/2026?utm_source=chatgpt.com
https://www.mdpi.com/2072-4292/15/8/2026?utm_source=chatgpt.com
https://www.mdpi.com/2076-3417/15/7/3945
https://doi.org/10.3389/frwa.2022.904821
https://www.sciencedirect.com/science/article/abs/pii/S0957582025011632
https://www.sciencedirect.com/getaccess/pii/S0926580521002831/purchase
https://www.mdpi.com/2076-3263/13/5/138
https://doi.org/10.23939/istcgcap2024.99.005
https://doi.org/10.3390/photonics12060604
https://doi.org/10.1016/j.cemconcomp.2021.104193

CyyacHi mexHonoeii ma memodu po3paxyHkie y bydisHuymei. [lyusk, JTHTY. 2025, Bunyck 24
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2025, Volume 24

11. Karzad, A. S., Leblouba, M., Al-Toubat, S., & Maalej, M. (2019). Repair and
strengthening of shear-deficient reinforced concrete beams using carbon fiber reinforced
polymer. Composite Structures, 223, 110963.
https://doi.org/10.1016/j.compstruct.2019.110963

12. DSTU 9181:2022 (2022). Guidelines for assessing and predicting the technical
condition of road bridges. (effective from 01.01.2023).

JlitepaTypa

1. Kang, J., Kim, D., Lee, Ch., Kang, J., & Kim, D. (2023). Efficiency study of
combined UAS photogrammetry and terrestrial LiDAR in 3D modeling for maintenance
and management of fill dams. Remote Sensing, 15(8), 2026. https://www.mdpi.com/2072-
4292/15/8/2026

2. Xin, X., Hui, J., Chen, L., Liang, M., & Yao, Z. (2025). Monitoring the internal
conditions of road structures by smart sensing and in situ monitoring technology: A review.
Applied Sciences, 15(7), 3945. https://www.mdpi.com/2076-3417/15/7/3945

3. Hicks, J., Kaushal, V., & Jamali, K. (2022). A comparative review of trenchless
cured-in-place pipe (CIPP) with spray applied pipe lining (SAPL) renewal methods for
pipelines. Frontiers in Water, 4, Avrticle 904821, 1-7.
https://doi.org/10.3389/frwa.2022.904821

4. Xing, W. (2025). Trenchless rehabilitation materials and technologies for water
supply pipes: A comprehensive review. Process Safety and Environmental Protection, 203
(Part A), 107896.
https://www.sciencedirect.com/science/article/abs/pii/S0957582025011632

5. Zhao, S., Kang, F., Li, J., & Ma, C. (2021). Structural health monitoring and
inspection of dams based on UAV photogrammetry with image 3D reconstruction.
Automation in Construction, 130, 103875.
https://www.sciencedirect.com/getaccess/pii/S0926580521002831/purchase

6. Tolomei, C., Beccaro, L., & Cianflone, G. (2023). INSAR-based detection of
subsidence affecting infrastructures and urban areas: Case studies and time-series analysis.
Geosciences, 13. https://www.mdpi.com/2076-3263/13/5/138

7. Tretyak, K., Kukhtar, D., & Lipecki, T. (2024). Assessing reservoir dam stability
using C-band permanent scatterers INSAR. Information Technologies, Systems Analysis
and Control in Civil and Environmental Engineering (ISTCGCAP), 99, 5-14.
https://doi.org/10.23939/istcgcap2024.99.005

8. Ky3pmenko, E. [1., Mannpuk, O. M., & Muxaiiirok, P. 158 (2022). JocmimkeHHs
cTaHy nambu JIHiCTpa eNeKTpHYHMMH Ta eJICKTPOMarHiTHUMH MeTojamu (paioH c.

[ToGepexokss  IBano-®dpankiBebkoi  obmacti).  Bicuux  Jlbsigcvkoco — Oepoicagnozo
yHigepcumemy be3nexu scummeoisivrocmi, 25, 34-46.

9. Guemes, A., Mujica, L. E., Rio-Velilla, D., & Lopez, A. F. (2025). Structural
health monitoring by  fiber optic sensors.  Photonics, 12(6), 604.
https://doi.org/10.3390/photonics12060604

152


https://doi.org/10.1016/j.compstruct.2019.110963
https://www.mdpi.com/2072-4292/15/8/2026?utm_source=chatgpt.com
https://www.mdpi.com/2072-4292/15/8/2026?utm_source=chatgpt.com
https://www.mdpi.com/2076-3417/15/7/3945
https://doi.org/10.3389/frwa.2022.904821
https://www.sciencedirect.com/science/article/abs/pii/S0957582025011632
https://www.sciencedirect.com/getaccess/pii/S0926580521002831/purchase
https://www.mdpi.com/2076-3263/13/5/138
https://doi.org/10.23939/istcgcap2024.99.005
https://doi.org/10.3390/photonics12060604

CyyacHi mexHonoeii ma memodu po3paxyHkie y bydisHuymei. [lyusk, JTHTY. 2025, Bunyck 24
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2025, Volume 24

10. Zhu, H., Wang, T., Wang, Y., & Li, V. C. (2021). Trenchless rehabilitation for
concrete pipelines of water infrastructure: A review from the structural perspective.
Cement and Concrete Composites, 123, 104193.
https://doi.org/10.1016/j.cemconcomp.2021.104193

11. Karzad, A. S., Leblouba, M., Al-Toubat, S., & Maalej, M. (2019). Repair and
strengthening of shear-deficient reinforced concrete beams using carbon fiber reinforced
polymer. Composite Structures, 223, 110963.
https://doi.org/10.1016/j.compstruct.2019.110963

12. ACTY 9181:2022 (2022). Hacmanoéa 3 oyiHIO8AHHA ma NPOZHO3YEAHHA
MEeXHIYH020 CMAHy agmooopodcHix mocmie. (auHHU Big 01.01.2023).

BinomocTi npo crarTio: Atrticle information:

Ortpumano 14.11.2025 Received 14.11.2025

OtpumaHo y jpoomnpansoBanomy Burisiai 18.11.2025 | Received in revised form 18.11.2025
Mpuitnsito 25.11.2025 Accepted 25.11.2025
Ony6uikoBano 25.12.2025 Published 25.12.2025

O. G. Dobrovolska

Ph.D. in Engineering, Associate Professor, ORCID: https://orcid.org/0000-0002-1337-7216
Department of Urban Planning and Architecture

Zaporizhzhya National University, Zaporizhzhia, 226 Sobornyi Avenue, Ukraine, 69006
O. M. Fostashchenko*

Ph.D. in Engineering, Associate Professor, ORCID: https://orcid.org/0000-0003-4287-2838
Department of Urban Planning and Architecture

Zaporizhzhya National University, Zaporizhzhia, 226 Sobornyi Avenue, Ukraine, 69006
A. V. Banakh

Ph.D. in Engineering, Associate Professor, ORCID: https://orcid.org/0000-0002-0517-2157
Department of Urban Planning and Architecture

Zaporizhzhya National University, Zaporizhzhia, 226 Sobornyi Avenue, Ukraine, 69006

*corresponding author, e-mail: zdia207 @gmail.com

Monitoring the technical condition and functional suitability of
transport infrastructure, engineering structures and equipment in
urban development

How to Cite:

Dobrovolska, O. G., Fostashchenko, O. M., Banakh, A. V. (2025). Monitoring the technical condition
and functional suitability of transport infrastructure, engineering structures and equipment in urban
development. Modern technologies and methods of calculations in construction, 24, 143-154.
https://doi.org/10.36910/6775-2410-6208-2025-14(24)-11

Abstract. The article presents the results of monitoring, technical inspection, and
major repair of a transport-hydraulic structure —a dam with a culvert located within urban
development. A set of measures aimed at ensuring slope stability, improving drainage
efficiency, and reducing the risks of structural failure under hydrodynamic and traffic
loads is described. In global practice, such tasks are solved through the integration of
remote monitoring methods (UAV photogrammetry, InSAR, fiber-optic sensing) and
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trenchless rehabilitation technologies (CIPP, SAPL), which minimize roadway disruption
and ensure long-term reliability of infrastructure.

A comprehensive assessment of the technical condition was carried out using
visual, geodetic, ultrasonic, and impact-impulse methods. It was found that the culvert was
in a limited operational condition due to soil erosion, masonry destruction, and
deterioration of concrete channel lining. The main causes of defects were prolonged
operation without repairs, dynamic loads from traffic, and the malfunction of surface
water drainage.

The proposed repair measures included restoring the protective concrete layer of
culverts with polymer-cement mortar, crack injection, construction of a new compacted
embankment with reinforced slopes, concrete lining of the channel, and modernization of
the drainage system. After completion, the structure’s functionality was restored, slope
stability improved, and soil erosion risks reduced. The installation of new stormwater
inlets and inspection wells, along with proper longitudinal and transverse road gradients,
ensured effective surface runoff drainage and improved traffic safety.

The results obtained confirm the feasibility of using a combined systems approach
to the inspection and repair of engineering structures.The integration of modern
monitoring methods and restoration technologies ensures accurate defect diagnostics,
reduces repair duration, and lowers maintenance costs. The implemented technical
solutions have demonstrated their effectiveness in enhancing embankment stability,
drainage reliability, and overall structural durability under conditions of dense urban
development. The conducted study has practical significance for further improvement of
monitoring and rehabilitation systems for engineering facilities during the post-war
reconstruction period, taking into account the principles of sustainable development and
civil safety.

Keywords: technical condition monitoring; dam overhaul; culvert; polymer-
cement rehabilitation; drainage system.
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